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Objectives: To study the reaction between a b-diketone
and dimethyl sulphoxide (DMSO)/acetic anhydride to
synthesize a novel chemical entity.
Methods: o-Hydroxyacetophenone was esterified with p-
chlorobenzoic acid using POCl3. The obtained ester was
subjected to a B.V. rearrangement in a solution of KOH
in pyridine solution under anhydrous conditions. This
process produced a b-diketone that was reacted with
acetic anhydride in DMSO to give p-chloroflavone. The
structures of all of the compounds were confirmed using
nuclear magnetic resonance (NMR) spectral data.
Further proof of the structure of the compound was
obtained by cyclization of the diketone by heating it in a
solution of sodium acetate in glacial acetic acid. The
obtained compound was identical to the flavone obtained
by reacting the b-diketone with DMSO and acetic
anhydride.
Results: The b-diketone obtained from the reaction of
the ester of o-hydroxy acetophenone and p-chlorobenzoic
acid was transformed to a flavone upon reaction with
DMSO/acetic anhydride.Corresponding address: Department of Pharmaceutical Chem-
y, Faculty of Pharmacy, Jamia Hamdard (Hamdard University),
mdard Nagar, New Delhi 110 062, India.
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DMSOisusedextensively in synthetic organic chemistry.1e3
A large number of reactions have been reported in which
DMSO is used as an oxidant in combination with acetic
anhydride as an electrophilic activator.4,5 The reaction of 4-
hydroxycoumarin with DMSO/acetic anhydride under vary-
ing conditions can give a number of products with interesting
mechanistic and medicinal properties (Scheme 1).6,7 b-
Diketones such as 4-hydroxycoumarin exhibit interesting
properties and serve as substrates in many chemical reactions.
They can be used for the synthesis of ketoimines and thio-
ketones8 as well as the synthesis of heterocycles, including
pyrimidines,9 pyrazoles,10 isoxazoles,11 triazoles,12 and
benzopyrane-4-ones.13 Encouraged by the studies carried out
on 4-hydroxycoumarin and to further extend our work on b-
diketones, we decided to react a b-diketone withDMSO/acetic
anhydride. It was envisaged that the b-diketone, upon treat-
ment with DMSO/acetic anhydride, may provide novel bio-
logically active entities. b-Diketones may be synthesized from
o-hydroxyacetophenone via esterification with an aroyl acid.
Subsequent conversion to a b-diketone can be performed using
a Baker-Venkataraman (B.V.) rearrangement (Scheme 2).his is an open access article under the CC BY-NC-ND license
16/j.jtumed.2016.07.001
Scheme 1: Reaction of 4-hydroxycoumarin with DMSO/acetic anhydride reagent under varying conditions.
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General
Melting points were recorded on an Expo melting point
apparatus in open capillaries and are uncorrected. Chemicals
were purchased from Merck chemical company, CDH (In-
dia), ACME and S.D. Fine (India). 1H NMR spectra were
recorded on a Varian EM-360 60 MHz instrument using
CDCl3 or DMSO-d6 as the solvent and TMS as an internal
standard. Thin-layer chromatography (TLC) was performed
to monitor the progress of the reaction and to confirm thepurity of the compounds. TLC was checked on silica gel-G
plates using ACME brand silica gel-G and benzene/ethanol
(8:2) as the solvent system. TLC was developed under iodine
vapours or UV light.Synthesis of 2-acetylphenyl 4-chlorobenzoate (1) via the
condensation of o-hydroxyacetophenone with p-chlorobenzoic acid
o-Hydroxyacetophenone (0.01 mol, 1.36 g, 1.20 mL) was
dissolved in dry pyridine (5.0 mL). To this solution was added
p-chlorobenzoic acid (0.01mol, 1.40 g). The solution was cooled
to 5, phosphorous oxychloride (2.0 mL) was added dropwise,
and the resulting mixture was stirred for 2 h. Upon completion
Scheme 2: Reagents and conditions (i) dry pyridine, (ii) p-chlorobenzoic acid, (iii) POCl3, (iv) KOH, (v) acetic anhydride, (vi) DMSO, (vii)
sodium acetate, (viii) glacial acetic acid.
Reaction of a b-diketone with DMSO/acetic anhydride494of the reaction, the contents were poured into ice cold water and
the precipitate was filtered and washed with a solution of 2%
sodium bicarbonate followed by a wash with water. The residue
was crystallized from methanol to give the product as light
brown crystals: m.p. 78e79 C, 75% yield. The product was
pure by TLC and gave a negative result in a ferric chloride test.
Synthesis of the b-diketone, 1-(4-chlorophenyl)-3-(2-
hydroxyphenyl)propane-1,3-dione (2), from ester (1)
Ester 1 (0.003 mol, 1.0 g) was dissolved in a minimum
quantity of dry pyridine. To this solution was added
powdered potassium hydroxide (0.5 g). The reaction mixture
was then shaken on a wrist action shaker for 3 h with
intermittent heating on a water bath. After completion of the
reaction, ice-cold water was added to the reaction mixture,
followed by the addition of cold dilute HCl to make the
contents slightly acidic. The precipitate was filtered and
crystallized from methanol to give shiny yellow crystals: m.p.
110e112 C, 38% yield. The product was pure by TLC, and
a ferric chloride test resulted in a violet colour.
Reaction of b-diketone (2) with acetic anhydride in dimethyl
sulphoxide (1:2) to give compound (3)
Acetic anhydride (2.5 mL) and DMSO (5 mL) were
heated at a temperature of 118 C for 2 h in a tube attached
to a specially designed constant temperature apparatus.
b-Diketone 2 (0.3 g) was then added to the reaction tube. Thereaction mixture was heated for 72 h at the same temperature
(118 C). Upon completion of the reaction, the contents were
poured into ice cold water. The precipitate was filtered and
crystallized with methanol to give light brown crystals: m.p.
178e180 C, 32% yield. The product was pure by TLC and
gave a negative result in a ferric chloride test.
Reaction of b-diketone (2) with sodium acetate in glacial acetic acid
to form compound (4)
To a solution of b-diketone (2) (0.6 g) in glacial acetic acid
(20 mL) was added freshly fused sodium acetate (2.5 g). The
reaction mixture was heated on an oil bath for 4 h at 150e
160 C. The reaction mixture was cooled to room tempera-
ture and the contents were poured into cold water. The
precipitate was filtered, washed with water and crystallized
from methanol to give light brown crystals: m.p. 178e
182 C, 42.5% yield. The product was pure by TLC and gave
a negative result in a ferric chloride test.
A TLC comparison of compound (4) with compound (3)
confirmed that the two compounds are identical. No depression
in m.p. was observed in the mixed melting of compound (3).
Results
An ester was synthesized through the reaction of o-
hydroxyacetophenone and p-chlorobenzoic acid in pyridine
using POCl3 at 5
. This compound gave a negative result in a
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spectral data. The NMR spectrum of the ester (1) showed a
3-proton singlet at d 2.5, corresponding to the acetyl moiety.
The aromatic region showed two A2/B2 doublets at d 7.5
and d 8.15, corresponding to the p-chlorobenzoyl moiety.
The two doublets centred at d 7.24 and d 7.88 and the two
triplets centred around d 7.4 and d 7.6 can be assigned to H-
3, H-6, H-5 and H-4, respectively (all are ortho-coupled).
These data are satisfactory for the structure of the com-
pound (1).
The above ester (1) was subjected to a B.V. rearrangement
by treating a solution of (1) in pyridine solution with KOH
under anhydrous conditions. The obtained compound (2)
became violet in colour when subjected to a ferric chloride
test. The structure of b-diketone (2) was established using
NMR spectral data. The NMR spectrum of compound (2)
showed two doublets at d 7.46 and d 7.88, corresponding to
the p-chlorobenzoyl ring hydrogens. The singlet at d 6.8 can
be assigned to the enol olefinic proton. A triplet centred at
d 6.91 and two doublets centred at d 7.0 and d 7.78, each
integrating for one proton, can be assigned to H-5, H-3, and
H-6 of the other aromatic ring. The signal of H-4 was
overlapped by other signals at d 7.46.
These data indicate a successful B.V. rearrangement. The
b-diketone (2) underwent a reaction with DMSO/acetic an-
hydride at 118 C, as per the details given in the experimental
section. Processing of the reaction mixture gave compound
(3), which was identified as p-chloroflavone on the basis of
NMR spectral data; the presence of the H-3 signal as a
singlet at d 6.79 is characteristic of flavones. The para-
substituted phenyl ring hydrogens appeared as two dou-
blets centred at d 7.5 and d 7.86. The four A-ring hydrogens
appear as a double doublet centred at d 8.2 (H-5), a triplet at
d 7.43 (H-6), a triplet at d 7.71 (H-7), and a doublet at d 7.56
(H-8). These data are consistent with the structure of 4-
chloroflavone. This compound gave a negative result in a
ferric chloride test.
Further proof for the above structure was obtained syn-
thesizing flavone 3 using an alternative route. Diketone (2)
was heated in a solution of sodium acetate in glacial acetic
acid at 150e160 C, as per the details given in the experi-
mental section. The obtained compound (4) was pure ac-
cording to TLC and was structurally identical to the flavone
(3) that was obtained in the reaction between the b-diketone
and DMSO and acetic anhydride.
The above results confirm that a flavone was produced
when a b-diketone was heated at 118 C in the presence of
DMSO and acetic anhydride.Discussion
An ester was obtained in the reaction between o-
hydroxyacetophenone and p-chlorobenzoic acid. This ester,
when subjected to B.V. rearrangement, gave a b-diketone
that was then cyclized with DMSO and acetic anhydride to
produce a flavone. The structures of the synthesized com-
pounds were confirmed using NMR data. The structure of
the flavone was further confirmed by synthesizing the same
flavone using an alternative route: cyclization of b-diketone
with sodium acetate in glacial acetic acid. The flavones ob-
tained by both methods were found to be identical.Conclusion
The above results confirm that b-diketone, when heated at
118 C with DMSO and acetic anhydride, produced flavone.
This is the first report of the cyclization of a b-diketone with
DMSO and acetic anhydride.
Recommendations
A series of structurally diverse b-diketones may be used as
substrates to further explore this reaction.
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